Sensitivity Analysis
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In this Electronic Supplementary Material, we investigated the sensitivity of the 27 model results to the quantity of cement pheromone added by an agent (q), the 28 evaporation rate of the cement pheromone (r), the lattice preference irrespective of 29 pheromone quantity around edges of the container (ki around edges: k edge ) and the 30 another rule for construction direction. In simulations for q and r, we changed these two 31 values simultaneously. In simulations for k edge , only k edge was changed. We used 400 
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We tested the effect of these parameters (q and r) on the simulation results using two 39 sets of parameters. One was a set of narrow range which was composed of 5 values of q 40 and r ranging from 0.1 to 0.9 at an interval of 0.2. The other was a set of wide range 41 which was composed of 5 values of q increasing from 0.003 to 30.0 by ten times and 5 42 values of r increasing from 0.00007 to 0.7 by ten times. In total, 49 parameter sets were 43 examined for the combination of q and r. 44 We could not re-create the observed patterns by only changing parameters q and r in 45 narrow range, using 3 types of agents (compare figure A1a with figure A1b-d). With 46 parameters (α, x) = (0.15, 2) and (0.25, 1), the effect of q and r on resulting patterns was 47 relatively slight (figure A1c,d, figure A2 ). On the other hand, with parameters (α, x) =
48
(0.05, 3), patterns dramatically varied with the change of q and r (figure A1b, figure A2 ).
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There were some sets of q and r re-creating observed patterns other than (q, r) = (0.3, 50 0.7), such as (q, r) = (0.1, 0.9), (0.5, 0.7), (0.5, 0.5) and (0.7, 0.5).
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When we changed parameters q and r in wide range, the patterns also dramatically 52 varied with change of r especially in high value of q (figure.A3 and figure. A4 Preference irrespective of pheromone quantity 59 We tested the effect of the lattice preference irrespective of pheromone quantity at In our simulations, we included the effect of construction direction on the attraction 67 of lattices by vi because shelter tubes are constructed in a direction away from the nest.
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The direction of shelter tube construction can be described by θ which is the angle 69 between the direction to the last-constructed lattice from the first-constructed lattice and 70 the direction to the candidate lattice from the last-constructed lattice (see electronic 71 supplementary material, figure S6 ). In the main manuscript, we attached 0-1 to θ by 72 using cosine curve, where the relationship between θ and vi was nonlinear. However 73 there are some other rules which can output 0-1 responding to directions. Therefore,
74
here we tested another rule for deciding directions. 
